Prepared standards of halothane in oxygen were analysed using a Pye Series 104 gas chromatograph equipped with a heated head flame ionization detector and gas sampling valve. The adoption of a positive jet voltage expanded the linear dynamic range of the detector to cover the 0.5-9.0% by volume range, provided that a small (0.5-ml) sample loop was used. MacDonald and MacKenzie (1976) have reported an alinear response of the flame ionization detector of the Pye Series 104 gas chromatograph to gas standards of halothane in the range 0.2-4. 0% (v.v). This conflicts with our experience in the analysis of halothane using an identical instrument and similar techniques. In seeking to resolve this dilemma, our attention was directed to the importance of detector polarity in extending the linearity of response into the "high" concentration range, normally associated with clinical practice. Since the Pye Series 104 chromatograph has a switch on the ionization amplifier by which the polarity of the detector can be reversed, it occurred to us that the conflicting experiences, referred to above, might reflect merely a difference in the detector polarity used. This seemed particularly likely since we maintain the detector jet at +170 V with respect to the collector electrode (position "B" of the polarity switch), rather than at -170 V (position "A"), which might be considered to be the standard mode of operation. Therefore we have determined the effect of detector polarity on the linearity of response of the flame ionization detector to standards of halothane in oxygen in the range 0.5-12.0% (v/v).
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MATERIALS AND METHODS
A Pye Series 104 gas chromatograph, equipped with a heated head flame ionization detector and gas sampling valve (Pye Unicam Ltd, Cambridge), was used for the study. The detector was maintained at 200 °C and was operated with a hydrogen flow rate of 40 ml/ min and an air flow rate of 350 ml/min. Samples were analysed using a coiled glass column (275 cm x 0.4 cm i. coated on acid washed silanized diatomite "C" 80-100 mesh (Pye Unicam, Ltd, Cambridge). The column was perfused with a carrier gas flow of "white spot" nitrogen (British Oxygen Co., Worsley) at 50 ml/min and maintained at a temperature of 100° C. Sample loops of 0.5 and 1.0 ml respectively were used in two otherwise identical experiments. In both experiments prepared standards of halothane in oxygen were subjected to chromatography which involved duplicate analyses of each standard at each detector polarity.
The gas standards were prepared by passing a metered flow of oxygen through a "Vapor" vaporizer (Draeger Medical Ltd, Edgware) and, where necessary, a "Vapor" vaporizer and a Boyles "ether" vaporizer (B.O.C., Harlow) in series. Both vaporizers were primed with halothane (Fluothane, I.C.I., Alderley Edge). The standards were stored in 200-ml glass syringes equipped with polypropylene stopcocks. The halothane concentration of each standard was measured by interferometry immediately before gas chromatographic analysis to avoid any discrepancies caused by loss of halothane from the sample by adsorption onto ground glass surfaces or diffusion into the stopcock during the storage period.
RESULTS AND DISCUSSION
Figures 1 and 2 show that when a negative jet voltage was used, the peak height response of the detector was totally non-linear for both sample volumes over the range of concentrations studied; it approached a logarithmic form similar to that described by Cohen, Parzen and Bailey (1963) for the peak area response of the flame ionization detector when operating above its linear range. The profile of these curves corresponds well with that described by MacDonald and MacKenzie (1976) and it is tempting to presume that their experiments were conducted with the detector operating at this polarity. The adoption of a positive jet voltage, however, greatly enhanced the linearity of the peak height response, significant deviations from linearity occurring only at 4.6% for the 1.0-ml sample loop and approximately 9.2% for the 0.5-ml loop. The amount of halothane in both sample volumes at the concentrations specified was approximately 1.87 x 10~6 mole, which suggests that it was the amount of halothane in the sample rather than the original concentration by volume which was the decisive factor in determining the saturation point of the detector. Accordingly it seems reasonable to assume that, provided a positive jet voltage is maintained, the use of a 0.1-ml sample loop would extend the linear range of the detector to halothane concentrations well in excess of most clinical and laboratory requirements.
GENERAL DISCUSSION
Since the gas chromatograph is often applied to the analysis of halothane in the circuit gases and in the blood of the anaesthetized subject, the method would be simplified by the use of a detector which is linear over a range of at least 10 4 -l. This would be particularly important if a gas standard is used to calibrate the chromatograph for analysis of halothane in blood. For example, the amount of halothane in a 0.5-ml sample loop containing a 10% (v/v) concentration of halothane at 22 °C and 101.08 kPa is 2.06 xlO" 5 mole, while the amount of halothane in 1 ^litre of blood containing 10 mg of halothane per 100 ml is 5.07 x 10~1 0 mole. This represents a range of 4.07 x 10 4 tol.
Examination of the literature yields conflicting information on the linear dynamic range of the flame ionization detector. Gudzincowicz (1967) reported the detector to be linear over ranges approaching 10 7 -1 and up to 0.5% sample concentration in the gas perfusing the detector. The principal basis for this view appears to be a report by Condon, Scholly and Averill (1960) that the linear dynamic range of the detector for propane gas was 2.5 xlO 6 to 1. Condon also reported that the response for halogenated hydrocarbons was less than the predicted value, which might explain partially why the linear dynamic range of the detector in the analysis of halothane seems to be less than 10 7 -1. Lowe (1964) claimed linearity in the range 1.86 x 10 5 to 1, while Cohen, Parzen and Bailey (1963) showed negative deviations from linearity in both peak height and peak area responses within seven orders of magnitude, although it is difficult to determine the precise linear range of the detector from their data.
Despite these inconsistencies, the linear range of the flame ionization detector for halothane is probably sufficient to cover a range of 10 4 -1 and is more than sufficient for gas samples in the "high" concentration range encountered in clinical practice provided the sample size is sufficiently small. However, because of the great sensitivity of the detector, the use of currently available sample loops (volume 0.5-5.0 ml) for halothane in the "high" concentration range requires the detector to operate close to or above the upper limit of its linear dynamic range. In this situation, the extension of the linear response by the use of a positive jet voltage is very important.
The results of our studies on detector polarity are supported by the views of a number of authorities, including the designers of the flame ionization detector. In a study of the linearity of response characteristics Me William (1960) showed that negative deviations from linearity were caused by inefficient ion collection as a result of ion recombination and space charge effects, rather than a basic nonlinearity in ion formation in the flame. In particular, he demonstrated that at low concentrations of sample gas in the carrier stream perfusing the detector a negatively charged jet gives superior ion collection efficiency, but that, at higher concentrations, better results are obtained with the polarity reversed. He established also that at higher concentrations the probe-jet distance was critical if linearity was to be obtained and that the maintenance of an optimum hydrogen/nitrogen flow ratio was also of importance. Desty, Geach and Goldup (1960) suggested that the effect of polarity on the deteaor response is a result of the greater mobility of electrons compared with the more massive positive ions, particularly when moving against a carrier stream. The adoption of a negative jet voltage requires the migration of positive ions to the jet orifice, counter-current to the gas stream issuing from it. The use of a positive jet voltage, on the other hand, attracts the electrons to the jet and allows the positive ions to travel with the carrier stream to the collector electrode. The resulting increase in transfer rate has two effects. First, it promotes more efficient charge separation at the site of ion formation, thus reducing the risk of ion recombination. Second, it delays the onset of space charge effects which reduce the efficiency of ion collection. Dewar (1960) , in a theoretical study of the flame ionization deteaor, supports the view and presents data indicating that a lower saturation voltage and an extension of a linear response to very high sample concentrations within the carrier gas stream perfusing the deteaor can be achieved with a positive jet voltage provided a suitably designed colleaor elearode is used.
CONCLUSION
When the flame ionization deteaor is used in association with gas chromatography for the analysis of halothane in the "high" concentration range, a linear response can be achieved by selection of a gas sampling system of sufficiently low volume and use of a positive jet polarizing voltage in the deteaor: position "B" of the polarity switch on the ionization amplifier of the Pye Series 104 gas chromatograph. This is particularly important in view of the relatively low polarizing voltage in this particular instrument. EFFET usando un cromatografo de gas Pye Series 104 dotado con un detector de ionizaci6n de llama con cabeza calentada y una valvula para toma de muestras de gas. La adoption de un voltaje de chorro positivo amplio los limites dinamicos lineales del detector para abarcar el alcance de volumen de 0,5-9,0%, siempre y cuando se emplease un bucle de muestras pequefio (0,5 ml).
